A substantial portion of patients with obstructive sleep apnea (OSA) seek alternatives to positive airway pressure (PAP), the usual first-line treatment for the disorder. One option is upper airway surgery. As an adjunct to the American Academy of Sleep Medicine (AASM) Standards of Practice paper, we conducted a systematic review and meta-analysis of literature reporting outcomes following various upper airway surgeries for the treatment of OSA in adults, including maxillomandibular advancement (MMA), pharyngeal surgeries such as uvulopharyngopalatoplasty (UPPP), laser assisted uvulopalatoplasty (LAUP), and radiofrequency ablation (RFA), as well as multi-level and multi-phased procedures. We found that the published literature is comprised primarily of case series, with few controlled trials and varying approaches to pre-operative evaluation and post-operative follow-up. We include surgical morbidity and adverse events where reported but these were not systematically analyzed. Utilizing the ratio of means method, we used the change in the apnea-hypopnea index (AHI) as the primary measure of efficacy. Substantial and consistent reductions in the AHI were observed following MMA; adverse events were uncommonly reported. Outcomes following pharyngeal surgeries were less consistent; adverse events were reported more commonly. Papers describing positive outcomes associated with newer pharyngeal techniques and multi-level procedures performed in small samples of patients appear promising. Further research is needed to better clarify patient selection, as well as efficacy and safety of upper airway surgery in those with OSA. 1397 Surgical Modifications of the Upper Airway for OSA in Adults-Caples et al only reported surgical "success" without precise outcomes data on individual study subjects were excluded.
INTRODUCTION
For patients with obstructive sleep apnea (OSA), positive airway pressure (PAP) therapy is usually prescribed as first-line treatment, a recommendation supported by high-level evidence for efficacy of PAP in preventing upper airway collapse and relieving symptoms such as daytime sleepiness, 1 and mounting data suggesting that PAP therapy may favorably impact cardiovascular outcomes. 2 However, for varied reasons, some patients find it difficult to adhere to PAP therapy, 3 prompting a substantial proportion to seek alternative treatment, including upper airway surgery.
Surgical modifications of the upper airway have been performed for decades as a treatment for OSA. 4 Yet, the role of such procedures in the management of OSA remains controversial. Critics point to the lack of high-level, controlled studies in the surgical literature and the absence of standardized criteria to define surgical "success," 5, 6 while proponents cite ethical and logistical limitations to controlled surgical studies and contend that the "all or none" principle of eradication of OSA (i.e., an apnea-hypopnea index [AHI] < 5) as the standard of care is flawed and impractical for many patients. 7 The end result is a lack of a firm evidence base upon which the sleep medicine clinician can rely to guide management decisions in patients with OSA.
A few systematic reviews of surgical treatments of OSA have been previously published. 8 Some reviews limited analysis to a small number of randomized, controlled trials (RCT), 9 one excluded papers published before 2001, 5 and results were rarely pooled. The last systematic review by the American Academy of Sleep Medicine (AASM) of non-randomized observational studies of the efficacy of surgical modifications of the upper airway for treatment of OSA was performed in 1996. 10 A review and practice parameters specifically on laser-assisted uvulopalatoplasty were published in 2001. 11 Clinical guidelines on the evaluation, management, and long-term care of OSA in adults were recently published by the AASM. 12 These guidelines included several consensus-based statements regarding the surgical treatment of OSA, though the document was not designed to be a systematic literature review.
The AASM convened a task force in 2007 to systematically review the available literature to provide a basis for updated standards of practice recommendations on surgical modifications of the upper airway for treatment of OSA. It was decided a priori to exclude publications of isolated nasal procedures, isolated tonsillectomy, and tracheostomy, in part because these procedures are often performed for indications other than OSA.
METHODS

Search Strategy
Study eligibility was predicated upon the reporting of the apnea-hypopnea index (AHI) before and after surgical intervention. Acceptable study methodologies included randomized and non-randomized controlled trials, cohort studies and case series (sample size > 1) published in English. Those papers that
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Data Collection
Two reviewers, working independently and using a standardized, web-based form, extracted data from all eligible studies, which included:
• Descriptive data-sample size, mean patient age, % male gender, mean body mass index (BMI), length of follow-up • Methodologic data-method of polysomnographic monitoring (in-lab, unattended) and sleep scoring (i.e., Rechtschaffen and Kales); elements of bias protection, such as allocation concealment, blinding, proportions of patients lost to follow-up • Outcome data-the specific surgical procedure, change in the AHI, assessment of or change in validated secondary outcomes such as daytime sleepiness (Epworth Sleepiness Scale) or quality of life, major complications, or death The data tables are available online at www.journalsleep.org.
Statistical Analysis: Meta-analysis
To describe the effect of surgery on AHI, we used a relative measure of effect, the ratio of means (ROM), which describes the extent to which the mean postoperative AHI has changed compared to the mean AHI before surgery. ROM from each study were pooled across studies-rendering a pooled ROM and its associated 95% confidence interval (CI)-using the inverse variance method for random effects meta-analysis as implemented in RevMan 5.0 (Cochrane Collaboration, 2009), as described by Friedrich and colleagues. 13 To interpret this measure, readers can subtract the ratio of mean from 1 and multiply the result times 100 to obtain the percentage change in AHI with surgery, a procedure akin to the estimation of relative risk reduction from measures of relative risk. We used the I 2 statistic, which estimates the percentage of total variation across studies that is due to heterogeneity rather than chance 14 to describe the consistency of estimates of effect across studies. This statistic reflects the proportion of the observed variability that may be due to true differences in these studies, including differences in subject characteristics, their selection by the surgeon, the surgical technique, and sleep study methodology, quality, and scoring.
We felt that pooling of data was most appropriate for outcomes of a specific type of surgical intervention. In general, this was most feasible with studies of solitary procedures, some of which involve a standardized surgical approach, that address a specific anatomic target. On the other hand, we do recognize the growing interest in the performance of multiple interventions which may target various points of airway collapse, either simultaneously or in phased surgeries. However, because the literature on such procedures describes highly varied and heterogeneous surgical approaches, we chose not to pool such data. We would refer the reader to two systematic review papers on multi-level surgeries by Kezirian et al. 15 and Lin et al. 16 that reported on some outcomes in aggregate.
Because so few papers independently analyzed the influence of subgroups of variables (such as age, gender, BMI, and severity of sleep apnea at baseline) on surgical outcomes, these data were not available to us to conduct pooled subgroup analyses or to detect prognostic variables that would affect the outcomes of the different surgical procedures.
Because of the small number of studies in each subgroup, and the substantial heterogeneity in outcomes between studies of each surgical procedure, we considered a funnel plot unreliable to aid in the determination of the presence or absence of publication bias. Figure 1 shows the results of our systematic search, with subdivisions by surgical procedure. Forty-seven papers described a single surgical procedure as treatment for OSA, three of which were randomized controlled trials (RCT). Thirty-two involved a multi-level surgical approach, one of which was an RCT. Table 1 summarizes the findings in an evidence table.
EVALUATION OF TREATMENTS
Maxillo-Mandibular Advancement (MMA)
Maxillo-mandibular advancement (MMA) is a multilevel skeletal surgery designed to enlarge the velo-orohypopharyngeal airway without direct manipulation of the pharyngeal tissues. It advances the anterior pharyngeal tissues (soft palate, tongue base, and suprahyoid musculature) attached to the maxilla, mandible, and hyoid bone and is accomplished by LeFort I and bilateral sagittal split rami osteotomies that are stabilized with screws, plates, or bone grafts.
Nine case series describing maxillo-mandibular advancement (MMA) as a sole or primary intervention were included in the analysis. [18] [19] [20] [21] [22] [23] [24] [25] [26] Two hundred thirty-four subjects were studied, 90% of whom were men, with a mean age of 43.9 years (mean range from 41 to 48). The mean BMI was 29.1 kg/m 2 (mean range 26.7 to 32.6). All subjects had severe OSA at baseline, with a mean AHI of 54.4 / hour (mean ranging from 37 to 71/h).
Following primary MMA surgery, there was an overall reduction in AHI of 87% (95% CI 80% to 92%) with a mean postoperative AHI of 7.7 (Figures 2 and 3) . Although there was significant heterogeneity across studies with regards to this continuous outcome, as indicated by the I 2 value of 91%, every paper reported substantial reductions in AHI; all but two had a residual postoperative AHI of less than 10/h. H o c h b a n 1 9 9 7 K e s s l e r 2 0 0 7 C o n r a d t 1 9 9 8 R i l e y 1 9 9 0 C o n r a d t 1 9 9 7 D e k e i s t e r 2 0 0 6 G r e g g 2 0 0 0 P r i n s e l l 1 9 9 9 AHI Before AHI After force aimed to differentiate between what was felt to represent traditional pharyngeal surgical approaches (see section 3.2.1 below) and modifications to that approach (section 3.2.2), while striving to avoid oversimplification of such distinctions. The reader is also referred to the sections on multi-level surgeries (3.6 and 3.7), which also often involve soft palatal interventions.
Study or Subgroup
Uvulopalatopharyngoplasty (UPPP)
UPPP, as first described by Fujita, 4 involves excision of the tonsils and posterior soft palate /uvula, and closure of the tonsillar pillars. Fifteen papers describing outcomes following UPPP were included. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] Two were randomized prospective trials that compared UPPP with other active treatments, namely oral appliances 47 and another surgical procedure, lateral pharyngoplasty. 35 The remaining were either prospective or retrospective observational reports.
The group had a mean age of 44 years and was composed of 91.9% males. The average body mass index, where reported, was 29 kg/m 2 . The apnea-hypopnea index at baseline averaged 40.3/hour. Follow-up sleep studies (some attended, in-lab multi-channel, others portable polygraphy) occurred anywhere from 3 months to one year later.
Following UPPP, there was an overall reduction in AHI of 33% (95% CI 23% to 42%). Postoperative residual AHI remained elevated, averaging 29.8/hour (Figures 4 and 5).
Most papers described varied approaches to the pre-operative evaluation of potential surgical candidates, including endoscopy, cephalometry, and computed tomography (CT) scans ( Table  2) . The presence or absence of tonsils was not always specified. In general, the relationship of such variables with surgical success was not analyzed. Friedman et al. 37 did propose a method of classification of pre-operative tonsil size, tongue-palate position, and BMI that could be used for refining the prediction of success for subgroups of patients who undergo UPPP. Whether standardized clinical measures and/or imaging studies will imAnother seven case series described MMA outcomes as a secondary surgery (so-called phase II, discussed in section 3.6) following another surgery, usually a pharyngeal procedure. [27] [28] [29] [30] [31] [32] [33] These seven series described a total of 201 subjects, with a mean AHI before MMA of 68.3 and a mean postoperative AHI of 8.9. Notably, in one of these series, 67 of the 91 MMA subjects did not participate in phase I of their two-phase protocol but, rather, proceeded directly to MMA, 32 and in another all 15 MMA subjects received no prior surgery. 28 Commonly utilized anatomic criteria for MMA are hypopharyngeal and/or velo-orohypopharyngeal narrowing, which usually occur with co-existent skeletal hypoplasia, and may clinically manifest as retrognathia. However, two case series reported efficacy of MMA in the absence of maxillomandibular horizontal deficiency. 22, 31 Although the preoperative evaluation to select optimal surgical candidates in MMA has yet to be standardized, one paper describing 50 consecutive patients reported universal success in those felt to have radiographic evidence of hypopharyngeal narrowing. 22 Secondary measures, such as sleepiness or quality of life were rarely measured in these case series. One reported a reduction in the Epworth score from 17.8 to 4.7, 28 another reported improvements in blood pressure 6 months after MMA. 22 No serious adverse events were reported in this group of publications, though it is important to note that this review did not systematically explore adverse outcomes and the findings here rely entirely on author self-reporting. MMA is a lengthy and technically challenging procedure and presents inherent risks of dental malocclusion and facial neurosensory deficits.
Soft Palatal Procedures
Soft palatal procedures serve to reduce or reconstruct the collapsible portions of the soft palate. Acknowledging the difficulties in accounting for subtle differences in technique between surgeons which may or may not be apparent on paper, the task as reported by papers from single centers (see subsequent section), are promising and warrant further investigation.
Study or Subgroup
Modified UPPP and other pharyngeal procedures
One multidisciplinary group from Taiwan published three papers describing the extended uvulopalatal flap (EUPF), a modified UPPP where additional mucosa and submucosal adipose tissue is removed superior and lateral to the tonsillar fossa and from the posterior soft palate. In some cases nasal surgery was also performed. [51] [52] [53] Major reductions in AHI /RDI were reported in young, predominantly male Asian populations with severe OSA at baseline. Better response rates were seen in those with lower Mallampati scores. One paper reported significant improvements in quality of life (QOL) based upon the SF-36 form, but these changes did not correlate with RDI. 52 The same publication showed an improvement in sleepiness as measured by the Epworth scale.
In a prospective trial utilizing a technique called expansion sphincter pharyngoplasty, Pang and colleagues found substantial reductions in AHI, improving from 44/h to 12/h. Notably, the 23 subjects comprised a highly select group, with baseline characteristics to include a BMI < 30, small tonsils and, using Friedman and Fujita scales, clinical evidence for retropalatal obstruction, and lateral pharyngeal wall collapse. 54 Two papers were published by a single group from Brazil describing outcomes after lateral pharyngoplasty, a modified form of uvulopalatoplasty where tissue from the lateral free margin of the soft palate is removed. 35, 55 One of the papers, as a doctoral thesis, was a prospective, randomized trial compared with conventional UPPP. 35 Both papers included a small number of patients who were selected on the basis of bulky lateral oropharyngeal tissues. Mean AHI at baseline was > 40, with follow-up 6 months later showing AHI of approximately 15.
Laser Assisted Uvulopalatoplasty (LAUP)
This outpatient surgical technique involves a series of laser incisions and vaporizations designed to shorten the uvula and modify and tighten the soft palatal tissue.
The papers consisted of 2 RCTs and 6 observational studies. LAUP resulted in an average pooled reduction in AHI of 32% ( Figure 6 ).
The 2 randomized controlled trials of LAUP were conducted in patients with mild to moderate OSA; Ferguson and colleagues 56 compared LAUP with no treatment. Subjects were well matched at baseline, with mean age 47 years and mean BMI 31.6. The AHI went from a mean of 18.6/h at baseline to 14.7/h after LAUP, measured a mean of 15 months after baseline PSG and 7 months after the last LAUP treatment. The AHI increased in the control group from 16.1 to 22.7/h. There were no significant improvements in daytime sleepiness or quality of life associated with LAUP.
Larrosa et al. 57 randomized 28 subjects to LAUP or sham surgery, 25 of whom completed follow-up. Mean age was 44 years, mean BMI 27.2. Following LAUP, the mean AHI increased from 13.6 to 15.1. No significant changes were seen in any secondary outcome measures.
The 6 observational reports 34,58-62 studied patients who were slightly older (mean age 50 years) and had more severe OSA, with an average baseline AHI in excess of 30 per hour. In their case series of 20 subjects, Chisholm and Kotecha attributed a prove patient selection and lead to improved surgical outcomes requires further research.
Dates of publication ranged from 1985 to 2006. The bar graphs in Figure 5 , which are chronologically arranged from left to right by decade, show no apparent time-dependent change in outcomes.
The Epworth Sleepiness Scale was measured in 2 studies 40, 45 ; the reductions following surgery were without a controlled comparison. Multiple sleep latency testing (MSLT) reported in one paper showed an increase from a mean of 6.9 minutes to 7.7 minutes following the procedure. 36 Some papers in these series reported adverse events following UPPP surgery. Two cases of post-operative bleeding were reported. In these papers, no deaths were reported. Other review papers have specifically assessed postoperative morbidity and mortality. Side effects include difficulty swallowing/nasal regurgitation, taste disturbances, and voice changes. 9 A recent systematic review of side effects of surgery for snoring and OSA found 7 papers reporting at least one death after UPPP, with an overall prevalence between 0% and 16%. 9 The authors found that lower complication rates are reported in more recent publications than those published in the 1980s. A large survey of the VA Administration records, yielding a group of middleaged men similar to the demographic described in our review, reported a 1% to 2% risk of a life-threatening adverse events and 0.2% risk of death following UPPP. 50 These data leave questions about specific sub-groups of patients unanswered. Outcomes in women, some minorities, and those more than 50 years of age are lacking. Whether body weight imparts influence on outcomes is not clearly evident from the current dataset, though the suggestion by Friedman et al. that a BMI > 40 kg/m 2 is a marker of poorer outcomes is notable 37 and could serve as a model for future research. The effects of UPPP on the cardiovascular and/or systemic sequelae of OSA remain to be fully elucidated. The efficacy of novel variations in pharyngeal surgery, such as EUPF 51 and lateral pharyngoplasty 35 
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while sparing adjacent tissues using a thermocouple on the probe tip.
Upper airway radiofrequency treatment of the soft palate
There were 3 observational studies.
63-65
Upper airway radiofrequency treatment of the base of tongue
66-68
Upper airway radiofrequency treatment of multiple levels
The papers describing RF treatment at multiple levels consisted of 1 RCT and 2 observational studies.
69-71
Analysis
The 1 randomized trial compared temperature controlled radiofrequency tissue ablation (TCRFA) of the tongue and 73% reduction in AHI to careful selection based upon sleep nasendoscopy. 62 Although 12 of the 20 had concomitant tonsillectomy, this was not a factor in surgical response. Tonsillectomy was performed in another study of LAUP where somewhat larger reductions in AHI were noted. 59 One observational study 34 showed a significant net increase in AHI after surgery. Sleepiness was measured in a minority of papers. A summary of the LAUP AHI data is shown in Figure 7 .
Upper Airway Radiofrequency Treatment
Radiofrequency has been used in the upper airway with and without temperature control of the probe tip. Prior to its use in the setting of OSA, this temperature controlled technique had been utilized in surgical procedures involving other organ systems, and was developed with the intent to precisely apply temperature controlled energy to target tissue The 7 observational studies [63] [64] [65] [66] [67] [68] [69] [70] showed a change in mean AHI from 23.4 to 14.2 following RFA. The significance of the reduction in Epworth score from 9.7 to 6.7 in the absence of comparisons controlling for placebo effects is not known (Figures 8 and 9 ).
Soft Palatal Implants
Soft palatal implants potentially represent a less invasive or lower morbidity procedure for treating the palate for mild to moderate OSA. In this procedure, Dacron rods are inserted into the soft palate under local anesthesia. One randomized, double-blind, sham surgery controlled trial has been published. 72 Unbalanced randomization resulted in a significantly older treatment group (48.1 vs. 39 years); males comprised about half of the study subjects. The mean BMI was about 29 kg/m 2 , and the mean neck circumference was reported at less than 15 inches in both groups. The authors reported statistically significant changes in outcomes. There were modest reductions in AHI with treatment (23.8 before, 15.9 after), and the mean Epworth score was > 10 following intervention.
Two case series 73, 74 studied populations of predominantly non-obese men approximating 50 years of age. For all 3 studies, the pooled reduction in AHI after soft palatal implants placement was 26% (95CI 9% to 39%) (Figures 10 and 11 ).
Multi-level Simultaneous Surgery
Because collapse can occur at various sites along the upper airway, some have advocated a multi-level approach to the surgical treatment of OSA. These include MMA and RF treatments (discussed previously), and a variety of other combinations of procedures during the same surgical session (non-phased). The majority of these combine UPPP with a surgical procedure that involves surgery on the tongue, whether radiofrequency ablasoft palate with sham surgery and CPAP in those with mild to moderate OSA. 71 The stated primary outcomes were vigilance testing (reaction time) and quality of life. In the active surgical treatment group (90% male, mean BMI 27.7, mean age 49) the AHI was reduced an average of 4.5 /h from a baseline of 21/h (21% reduction). The AHI in the sham surgical group decreased an average of 1.8/h, from a baseline of 15.4/h. Follow-up mean AHI in the CPAP group was not reported. Compared with sham surgery, both the surgical and CPAP groups demonstrated more improvements in measures of quality of life. However, only the TCRFTA group had significantly shorter reaction times than the sham group. 
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Two other larger series have reported results of multilevel surgery combining UPPP with tongue surgery. Vicente 91 reported 3 years postoperative results in a group of 55 patients (mostly male) with a mean pre-operative AHI of 53. Mean postoperative AHI was 14.9, and overall success (defined as Epworth < 11, AHI < 20, with a reduction > 50% from baseline) was 78%. Jacobowitz 80 reported results in 37 patients who underwent UPPP with genioglossal advancement and/or radiofrequency ablation with a hyoid suspension (not usually performed at same time tion, mid-line glossectomy, tongue advancement, or tongue suspension. All of the studies are case series.
Our search found 31 papers describing such surgery that met criteria for inclusion ( Figure 12) . [27] [28] [29] [30] [31] [32] [33] As noted above, the heterogeneity of the approach to and choice of surgical procedures precluded us from pooling outcomes data, though we refer to other papers that attempted such an approach. 15, 16 We make some general comments with regard to some papers. It is acknowledged that observational reports of multi-phase surgery are biased by the self-selection of patients who willingly returned for a subsequent surgical procedure. Kao 82 demonstrated significant improvements in AHI following nasal, sinus and/or palatal surgery in a small group of men with mild to moderate, but not severe OSA. Two papers showed significant short-term improvements in AHI in a small number of Asian patients following various phase I interventions; subjective sleepiness was also reduced. 83, 87 Two papers compared the results of multi-level surgery to UPPP alone. The largest series was reported by Friedman. 79 In this study, the results of UPPP with radiofrequency ablation in 143 patients were compared to UPPP alone, performed in 143 subjects. In the UPPP+RFA group, mean AHI decreased from 44 to 28, with an overall reported success rate of 40% (using a 50% reduction and final AHI < 20 as criteria for success). Postoperative AHI data for the UPPP only group was not reported. However, when the patients were divided by stage (using the Friedman classification), success was significantly higher in the UPPP+RFA group compared to the UPPP group (for Stage II patients, 55.1% v. 37.9%, for Stage III patients, 33.0% v. 8.1%). In a much smaller series, Nelson compared 9 patients who received UPPP+RFA to 7 patients who received UPPP alone. There was no difference in reported surgical success between the 2 groups (50.0% for UPPP+RF and 57.1% for UPPP alone). Heterogeneity: Tau² = 0.04; Chi² = 10.09, df = 6 (P = 0.12); I² = 41% Test for overall effect: Z = 3.86 (P = 0.0001)
Total [95% CI]
Heterogeneity: Tau² = 0.03; Chi² = 11.25, df = 7 (P = 0.13); I² = 38% Test for overall effect: Z = 4.04 (P < 0.0001) Test for subgroup differences: Chi² = 1.16, df = 1 (P = 0.28), I² = 14.0% with hyoid suspension, and compared the results to 15 patients with the flap and ablation without hyoid suspension. AHI significantly decreased in the group who had a hyoid suspension (38.9 to 20.7), while there was no change in the group who did not have a hyoid suspension (27.8 to 22.9). The success rate in the group with hyoid suspension (51% using AHI < 15 and 50% reduction as criteria for success) was higher than in the no hyoid suspension group (40%). Neruntarat 88 reported long-term (mean time to repeat of PSG of 39 months) follow-up of 46 patients who underwent geniohyoid advancement and hyoid myotomy. AHI significantly decreased from 48 to 14, and overall success was 78.3% for AHI < 20 and 50% reduction. In contrast, in a group of 29 patients who had hyoid suspension in conjunction with UPPP (n = 28) without tongue surgery, there was only a 17% success rate with no significant decrease in the AHI. 77 
Multi-Level Phased Surgeries
Some have advocated a multi-phase approach to the surgical treatment of OSA. Riley and colleagues 32 were among the first to describe observations in 306 of 415 patients who completed a step-wise (multi-phase) surgical protocol. Although a select group of patients, this cohort remains the largest published to date. Choice of surgical procedure was determined by a preoperative evaluation including awake endoscopy and cephalometric measurements. Phase I surgery included UPPP and/ or genioglossus advancement and hyoid myotomy (GAHM). Phase II, utilizing maxillary and mandibular advancement osteotomy (MMO), was offered to those who failed to respond to phase I but was also performed as the first procedure on 67 of 91 patients who did not enter the protocol. Overall, the mean RDI was significantly improved after completion of both phases of the surgical protocol. Notably, while the authors reported a 95% long-term success rate upon completion, 61% of patients were deemed successfully treated after phase I surgery, compared with 97% after phase II. The authors found those who were more obese or with more severe OSA were less likely to respond to a phase I intervention.
as the tongue surgery) in a subset of patients. Overall AHI decreased from 46.5 to 14.0, with an overall success rate of 76% (AHI < 20 with 50% reduction). There was no breakdown of results for those with tongue surgery only.
Several studies have reported results in patients who had hyoid surgery in addition to other upper airway or tongue procedures. Baisch 76 reported the results of 83 patients, 67 of whom had multi-level surgery including hyoid suspension and 16 who had multi-level surgery without hyoid suspension. AHI significantly decreased in the patients whose surgery included hyoid suspension (38.3 to 18.9) and did not decrease in patients without hyoid suspension (28.6 to 21.7). Verse 90 studied 45 patients with uvulopalatal flap and radiofrequency ablation of the tongue confirm promising long-term results reported in one study. 33 Finally, since this review did not systematically assess morbidity of MMA, more data are needed on its safety and to determine if it can or should be performed in a wider population of patients.
Regarding isolated pharyngeal/soft palatal interventions, these data showed many of these procedures to inconsistently reduce the AHI. A few papers, particularly descriptions of UPPP, reported some morbidity. Many of the isolated pharyngeal procedures resulted in many patients having a significant level of residual sleep apnea post surgery, even in those with mild to moderate OSA at baseline.
Significant improvements in AHI were reported in some small series of multi-level surgeries, the efficacy of which were attributed in part to careful patient selection. Acknowledging these outcomes and the increasing interest in multi-level surgeries, we suggest that further trials focusing on standardization of preoperative approach and surgical targets seem warranted.
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In a group of 27 patients, Lee et al. 30 utilized a similar surgical approach as Riley, reporting a higher success rate in phase I, with only 3 patients advancing to phase II. Bettega and colleagues 27 reported little change in the AHI following phase I surgery, but significant improvements after phase II.
Dattilo and Drooger assessed change in AHI and Epworth score in subjects who underwent a combination of phase I procedures compared with MMA (criteria for patient and surgery selection not specified). A higher proportion of patients in the MMA group achieved surgical success (defined as postoperative AHI < 15, reduced by at least 50% from baseline) and had a postoperative Epworth score ≤ 10, compared to patients treated with phase I procedures.
28 Figure 13 summarizes the findings.
CONCLUSIONS
In this systematic review of surgical modifications of the upper airway, we have found a paucity of high level evidence upon which to base standards of practice recommendations (see accompanying Practice Parameter paper). 99 Most of the data are drawn from small case series of selected patients, in whom there were varied preoperative and surgical approaches. Sleep study methodologies were often not standardized. We acknowledge the limitations of relying on the apnea-hypopnea index as the primary outcome of interest. While the AHI is imperfect, at present, there is not a superior objective measure of treatment efficacy.
Data on non-respiratory sleep outcomes, quality of life, and cardiovascular/systemic interactions are sparse. The optimal components of a preoperative evaluation are not certain; the role of clinical exam, imaging studies, and endoscopy need to be clarified. Limited outcomes following MMA described here are promising. Patients who underwent MMA as a primary procedure were found to have substantial reductions in AHI across studies. Furthermore, it would appear that significant benefit of "phased" surgeries for patients failing phase 1 treatment were derived from MMA (phase II). Further research is needed to R il e y 1 9 9 3 P h a s e I R il e y 9 3 P h a s e 2 L e e 1 9 9 9 P h a s e I L e e 9 9 P h a s e 
